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Can the Hazard Assessment and Critical Control Points
(HACCP)systembeusedtodesignprocess-basedhygiene
concepts?
KanndasHazardAssessmentandCriticalControlPoints(HACCP)-System
Grundlage für prozess-basierte Krankenhaushygienekonzepte sein?
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Recently, the HACCP (Hazard Analysis and Critical Control Points)
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University of Greifswald,
Greifswald, Germany
2 Institute of Health Care
Management, University of Hygienekonzepte vorgeschlagen worden. Wie aber dieses, aus der Le-
bensmittelsicherheit stammende Konzept in der Gesundheitsfürsorge Greifswald, Greifswald,
Germany tatsächlich realisiert werden kann, ist unklar. Deshalb prüften wir
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multiresistenterErreger.Währendeinedirekte,unreflektierteUmsetzung
derLebensmittelkonzepteindieGesundheitsversorgungwedermachbar
istnochzudengewünschtenErgebnissenführt,könnendieGrundprin-
zipien Prozessorientierung, Qualitätssicherung und Gefahrenanalysen-
basierte Gegenmaßnahmen auch in der medizinischen Versorgung zur
Anwendung kommen. In Modellimplementierungen sollten die vorge-
schlagenen Konzepte unter realen Bedingungen erprobt, evaluiert und
bewertet werden.
Introduction
The recent amendments to the federal regulations for
infectioncontrolinGermany(Infektionsschutzänderungs-
gesetz, 2011) have renewed the call for patient safety
and high hygienic standards in health care facilities [1].
Conventionally,in-housedirectivesforhygienearebased
on regulations or guidelines and recorded in manuals.
The primary principle of order in these, sometimes quite
extensive, documents is in most cases the institutional
organisationstructureofahospital(departments,wards,
and so on). This concept pays little or no attention to the
individual patient or his or her personal path through the
hospital and – more generally – through the health care
system. Quality control is based on spot-checks of struc-
ture parameters by internal and external auditors as well
as monitoring of outcome parameters (infection) in one
or more substructures or patient groups by application
of some of kind surveillance system ideally linked to the
clinical information system (KISS, Krankenhaus-Infek-
tions-Surveillance-System) (Figure 1). It has been esti-
mated that well-planned directives based on this ap-
proach in combination with good compliance and close
surveillance are able to reduce hospital acquired infec-
tions by up to 30% compared to control [2], [3].
Infection control specialists have repeatedly demanded
ageneralchangeoftheunderlyingphilosophyinhospital
hygiene away from a static, method based to a dynamic,
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tem. Some have proposed a conception based on the
Hazard Analysis and Critical Control Points (HACCP)
concept, but little has been published addressing the
actual realisation of this food safety concept into health
care settings so far [4].
Figure 1: The classic approach in hospital hygiene: Individual
healthcareproviders(HCPs)haveindividualin-housedirectives
anddocumentation.Qualityassurancerelaysonaudits(internal
and external by different authorities) and spot checks of
outcome quality by infection surveillance. The treatment
process as such is somewhat detached from this scheme.
The HACCP concept was developed back in the 1960s
bytheNASA(NationalAeronauticsandSpaceAdministra-
tion),thePillsburyCompanyandtheU.S.ArmyLaborator-
ies at Natick as reaction to the requirements for save
foods for space flights. Primarily used in food processing
only, its potential was soon realized and it is now widely
usedinfoodandpharmaceuticalprocessesfromprimary
productiontoprocessing,distributionandconsummation.
It was endorsed by the Codex Alimentarius Commission
as the most cost-effective way devised to date for ensur-
ingthesafetyoffoodin1993[5],[6].Theunderlyingidea
istointegratesafetycontrolintothedesignoftheprocess
rather than resort to end-product testing which has been
shown to be highly ineffective [5]. The HACCP consists of
few, rather simple principles (Figure 2) [7].
Theprocesshastobebrokendownintologicalstepsand
possible hazards have to be identified for every step and
the whole process. At certain points, monitoring and
regulative steps (so called Critical Control Points, CCPs)
are integrated into the process. CCPs are designed to
regulate in a way that a hazard can be prevented, elimin-
ated or reduced to acceptable levels (in food safety that
could be cooking, acidification or drying for example).
Monitoring steps ensure the transparency of the process
and allow control as well as taking counter measures or
corrective action (an additional CCP, for example)
wherever, and whenever necessary. The power of CCPs
(= the ability of CCPs to reduce risks in the process) as
well as the frequency and type of monitoring (structure-,
process- and outcome-parameters) must be character-
ized. The HACCP plan as well as the process must be
documented and validated [5]. The HACCP offers a sci-
entific,rationalandsystematicapproachforidentification,
assessmentandreductionofhazardsduringproduction,
processing, manufacturing, preparation and use of food
and is one of the most successful quality management
concepts worldwide.
Figure 2: The Principles of the HACCP. Process-orientation is
assumed beforehand. The order of “Corrective action” and
“Monitoring” were swapped for didactic reasons. [7]
As a direct implementation of food processing concepts
into health care is not very likely to be feasible or yield
the intended results, an extraction of the underlying
philosophy and careful adaptation to the specific needs
inhealthcaresettingsseemstobeneeded.Wetherefore
worked out possible ways for a translation of the prin-
ciples of the HACCP into health care settings.
Method
After adopting a process oriented point of view of the
pathsofpatientsthroughthehealthcaresystem,wetried
toidentifypossiblewaystotranslatetheHACCPconcepts
into a variety of clinical settings. An adaptation of the
HACCP for clinical settings was designed and specifically
formulated. As example the management of multi-resist-
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antorganisms(MRO)wasusedtoevaluatehowtheseven
HACCPprinciples:hazardanalysis,identificationofcritical
controlpoints,establishmentofcriticallimits,description
of corrective action, monitoring, documentation and
verification can be adopted to clinical situations.
Results
Medical treatment from a
process-orientated point of view
Theflowofthepatienttroughthehealthcaresystemwith
itsmultitudeofheterogenousprocedurescanbedefined
as a pathway (patient pathway, PPW) or as production
process with the targeted outcome of improving or
restoringthepatient’shealth.Underthisperspective,the
patientandhisPPWbecometheprimarymethodoforder,
to which all hygienic measures have to be linked to. Nor-
mally, a PPW is not limited to one health care provider
(HCP) but involves multiple steps and HCPs. In this pro-
cess, additional steps for monitoring and regulation can
be included (Figure 3).
The logic steps that form this process can be easily
defined. They occur as natural marks every time when
either the patient is referred to another subunit within
one HCP or to another HCP (process-defined mark) or if
the health of the patient significantly changes or will
change (patient-defined mark) (Table 1).
Table 1: Typical examples for process- and patient-defined
marks in the PPW
Foreverysinglestep,ahazardanalysiscanbeperformed
and monitored as well as regulative steps can be in-
cluded.AsthePPWisnormallyplanedbeforehand,future
changes that will affect the hazard analysis in the next
steps (e.g. upcoming operation or immunosuppression)
can be included into the actual management, allowing
the integration of certain regulative steps as pro-active
counter measures.
Proposed adaptation of the HACCP
principles for healthcare settings
Key element of the adaptation is a process-orientated
perspective(Figure1).Patientswithsimilarsymptomsor
diagnosis often have closely related clinical paths.
Moreover, HCPs tend more and more to standardise
clinical pathways providing grounds to integrate hygienic
measures based on the HACCP principles.
Hazard analysis
For every single step or sub-process within a clinical
pathway, a hazard analysis has to be performed. In con-
trast to food safety, both the hazard for the patient, and
the hazard associated with the patient have to be taken
into account: The risk the patient is at (e.g. by a certain
procedure or condition or to acquire an infection) as well
the risk the patient poses to other patients, health care
workers, or visitors (e.g. to transmit a MRO to them) have
to be assessed.
In the context of MROs, a hazard analysis needs to differ-
entiate “risk patients” into patients who have a high risk
to transmit MROs to others (better referred to as “endan-
gering patients”) and patients who have a high risk to
acquire MROs or contract an infection (“endangered pa-
tients”).
The hazard posed by “endangering patients“ to transmit
MROs to others in each step can be simplified as follows
Ht = c · n · p
with
Ht = hazard of transmission of an MRO
c = probability to be carrier of an MRO
n = number of opportunities for a transmission
p = probability of a transmission for each opportunity
For different organisms, different ways of transmission
(e.g. hands/HCWs, surfaces, water, air) have been de-
scribed
with
nh = number of opportunities for transmissions by hands
ph = probability of transmission by hands for each oppor-
tunity
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ps = probability of transmission by surfaces for each op-
portunity
na = number of opportunities for transmissions by air
pa=probabilityoftransmissionbyairforeachopportunity
nx = number of opportunities for transmissions by other
means
px = probability of transmission by other means for each
opportunity
resulting in
The probability to be carrier of an MRO is associated with
certain “risk factors” and/or microbiological results indi-
cating colonisation or infection. The probability of trans-
mission is determined by the organism, the density and
location of colonisation/infection and other factors
(compliance with hygienic measures, antimicrobial ther-
apy). The number of opportunities is designated by the
clinical setting (outpatient, in-patient, intensive care).
Likewise,thehazardthe“endangeredpatient“isexposed
to every step can be described as
Hr = (1 – c) · (n · p + Hd)
respectively
with
Hr = hazard of receiving a MRO
(1 – c) = probability to be no carrier of a MRO
Hd = hazard of development of a de-novo-resistance, in
which
Hd = nd · pd
with
nd = number of opportunities for development of a de-
novo-resistance
pd = probability of development of a de-novo-resistance
The probability to be no carrier of MRO is associated with
the absence of “risk factors” and/or microbiological re-
sults. Probabilities of carriage and non-carriage sum up
to 1. The probability of transmission is related to the
susceptibility of the ”endangered patient“ (for example
thepresenceofopenwounds,immunosuppression,anti-
biosis).Thenumberofopportunitiesisdesignatedbythe
clinicalsetting(outpatient,in-patient,intensivecare).The
opportunity and probability of de-novo-resistances is as-
sociated with the frequency, type and application of anti-
biosis.
The hazard of a transmission from a carrier to a suscep-
tible receptor therefore depends not only on the hazard
associated with the carrier, but with possible receptors,
too. For every step, this can be expressed as
H = Ht + Hr
The global hazard of transmission for the whole process
depends on the number of steps in the clinical pathway
and the respective hazard associated with every step.
Still,theexactrelationismuchmorecomplextodescribe,
becausetheprobabilityoftransmissiondependsnotonly
on the factors associated with each step, but also de-
pendsonapossibletransmissionintheprecedingsteps.
A Marcov model could be used to describe this phenom-
enon but this would be beyond the scope of this article.
For the resulting health risk associated with a particular
MRO,thepathogenicityoftheorganismandtheimmunity
of the patient have to be considered, too.
Monitoring steps
Monitoringstepsincludechecksofthestructure-,process-
andoutcome-parametersinthePPW.ForMROsthiscould
include assessing the individual risk of a patient to en-
dangerorbeendangeredbyMROsbysolicitinghisorher
riskfactors(e.g.structure:healthstatus;process:treated
inotherhospitalswithknownproblemswithMROs,recent
antibiosis; outcome: microbiological sampling). These
steps can be included into the process on defined marks
(seeabove)e.g.byadmittancetoahospital[8],[9]before
an operation [10] and/or after decolonisation [11].
Regulative steps
Regulative steps are included into the PPW to reduce a
hazard. This includes adaptation of antibiosis when a
certain resistance is suspected, isolation measures (of
possibleofbothdonorsandrecipients)basedontherisk
assessment, reducing the probability of transmission,
and decolonisation treatments [8].
Corrective action
If results from monitoring indicate, that the process is
out of control, e.g. an outbreak of MROs is detected;
corrective actions tailored to the severity of the loss of
controlhavetobeundertaken.Thiscouldstartwithextra
training of the HCWs and patients and additional
screening of contacts and escalate up to closing wards.
Documentation
The PPW, results of the hazard analysis, monitoring and
regulative steps, and corrective action must be docu-
mented and available to all HCWs involved. Uniform
structureddocumentsshouldbeusedtorecordindividual
data (e.g. results from monitoring steps) and must be
forwarded to all HCPs down the process line.
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VerificationandvalidationareintegralpartsoftheHACCP.
In the context of MROs, documentation of structure- and
processparameters,regularinternalandexternalaudits,
checkin/checkoutsurveys[12],surveillanceofinfections
caused by MROs and random sampling of a proportion
of patients to identify occult transmissions are possible
ways to show the effectiveness of the system.
Discussion
Conventionalhospitalinfectionpreventionconceptshave
been shown to be effective in reducing nosocomial infec-
tion down to a certain incidence. However, despite all
efforts, infection rates and antibiotic resistance rates in
Germany are still at levels that raise severe concerns [3],
[13], [14]. Health care settings on the other hand have
changed dramatically under the pressures associated
with the G-DRG-system and numerous approaches to
improve competitiveness of HCPs. Therefore, new con-
ceptstorealisehygienicsafetyareneeded.Wehavetried
to analyse whether and how process-orientated infection
prevention can be based on principles of the HACCP-
concept.
Our idea is based on the three columns: process-orienta-
tion, continuous quality-assurance in all steps and sub-
processesandintroductionofCCPsandmonitoringpoints
into the process based on a comprehensive hazard an-
alysis.
Adapting a process-orientated perspective is the key
element for this approach. While every patient is an indi-
vidual and has his or her very own medical history, pa-
tients with similar symptoms or diagnosis usually have
more or closely related clinical paths. Moreover, as HCPs
tend more and more to standardise clinical pathways,
they also lay the grounds for the implementation of a
process-based infection prevention concept.
As all steps in the treatment process should contribute
to the goal, the same level of hygienic safety has to be
warranted throughout the process as well. This, on the
other hand, implies that standards or measures are not
the same throughout the process of one patient or for all
patients of one HCP. That is a fundamental difference to
theconventionalapproachthatbasicallytriestoestablish
the same standard for all patients on one clinical unit
(ward e.g.). Understanding the PPW as inter-institutional
and cross-sectoral process necessarily means that the
infection control directives of different HCPs in the PPW
be harmonized and made transparent (Figure 4). This
can help HCWs employed by different HCPs to see
themselvesaspartofaPPWratherthanasisolatedunits
and therefore may enhance the system-wide security
culture.
Thishasbeensuccessfullyachievedbyregionalnetworks
andqualitycircleswhichweremonitoredbyindependent
external audits [15], [16], [17], [18].
Figure 4: The proposed alternative system based on HACCP
principles
Ourmanuscripthasseverallimitations.Firstly,aswehave
assessed the possible way to use the concepts of the
HACCP in the clinical setting, other ways to implement
process-orientatedhygienethatareeasierormoreeffect-
ivemayexist.Second,astheproposedconceptisinsome
points quite different to the conventional perspective, it
is unclear what marginal conditions have to be met for a
successful implementation. Moreover, the exact values
of the variables for the hazards assessment as well as
the actual power of CCPs are largely unknown and may
not be completely quantifiable. Still, this is a problem
known in food hygiene and more or less true for all infec-
tion control concepts. As workaround, unknown values
canbeestimatedbasedonliteratureevidence,guidelines
andexpertopinionforparticularclinicalunits[19].Third,
as the concept is new, no real world data on the actual
extra benefit of this concept (if fully and successfully im-
plemented)isavailableyet,renderingourconsiderations
preliminary.
The proposed change from a static, structure-orientated
perspective to a dynamic process-orientated one does
not necessarily mean that everything has to be changed
or newly invented. For example, the HACCP concept has
already been successfully adapted for water safety in
hospitals, helping to prevent water-associated infections
[20], [21]. Actually, many clinical pathways and hygienic
directives use the principles of the proposed modified
HACCPbutwithoutspecificallyaddressingthis[12],[22],
[23]. Seeing these successful and well accepted meas-
uresfromanewperspectivecouldnotonlyhelptounder-
stand why some interventions work and others not, but
also help to improve the concepts in general and over-
come certain controversies in infection prevention. The
main idea of the HACCP to integrate safety control into
thedesignoftheprocessratherthanmaintainingarather
ineffective “end-product testing” as spot-checks of the
results (e.g. infection or not) has the potential to change
current hospital hygiene in an innovative, sustainable,
forward-looking way. Further research should evaluate
the proposed concepts under real world conditions.
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The HACCP can be used to design process-based clinical
hygiene concepts. The underlying principles of process-
orientation,in-processsafetycontrolandhazardanalysis
based counter measures can be transferred into clinical
settings.Thistranslationalapproachcouldhelpinfection
prevention to better cope with the infectious challenges
of modern health care.
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